INTRODUCTION
============

Cardiovascular disease is the most common cause of death globally and the second most common cause of death in Korea.[@B1] Although there are on-going efforts to improve outcomes, such as prevention and new medical and interventional methods, high in-hospital mortality is still reported in patients with acute myocardial infarction (AMI).[@B2] From admission to discharge, a continuous risk assessment and stratification are important for effective treatment and early intervention. There are several risk models for AMI,[@B3][@B4][@B5] but there is limited data for predicting in-hospital mortality for Korean patients with AMI in the era of invasive strategies. The recent Korean AMI registry data also shows differences compared with Western registries including the incidence of AMI, character of dyslipidemia, and interventional strategy.[@B6]

The current trend of AMI in Korea shows that increasingly, patients are treated with percutaneous coronary intervention (PCI).[@B2] Therefore, taking angiographic parameters into consideration is important in Korean patients. The previously published discharge scoring system of Korean AMI patients only took into account whether the patient underwent PCI or not.[@B7] The authors evaluated not only the implementation status of PCI but also coronary angiographic findings as a prognostic factor.

In this study, the authors investigated current predictive factors for in-hospital mortality of Korean patients with AMI focusing on angiographic findings.

MATERIALS AND METHODS
=====================

1. Study population
-------------------

From November 2011 to October 2015, a total of 13,104 patients (9,686 male, age 64.0±12.6) with AMI were enrolled in the Korea Acute Myocardial Infarction-National Institute of Health (KAMIR-NIH) registry. The KAMIR-NIH registry is a multicenter, prospective registry for Korean AMI patients.[@B8] Participants include 20 tertiary university hospitals performing PCI and coronary artery bypass graft (CABG) surgery. This registry was approved by the institutional review board of each participating hospital, and informed consent was obtained from all patients. The authors divided the patients into two groups randomly by using a statistics program. One was the derivation group (60%) and the other was the validation group (40%). The asymmetric ratio was chosen to increase the power for derivation group. Given the numbers, it was thought the validation group would still be sufficiently large.

2. Definition
-------------

AMI was diagnosed based on increased cardiac enzymes, including cardiac troponin, with at least one value above the 99th percentile of the upper normal range accompanied by at least one of the following: symptoms of myocardial ischemia, EKG changes (ST-segment elevation in more than two continuous leads: 0.2 mV elevation in V1 to V3, 0.1 mV elevation in the other lead except V1 to V3), new left bundle branch block, or ST change without ST elevation (horizontal or downslope ST depression over 0.05 mV in more than two contiguous leads, T wave inversion in more than two leads), and imaging studies suggesting myocardial infarction (loss of viable myocardium or new regional wall motion abnormality). Atypical chest pain was defined as inappropriate characteristics of chest pain for typical angina. For example, chest pain not aggravated by exertion, but aggravated by coughing or movement, with tenderness or if its nature was stabbing. Coronary blood flow was classified by the Thrombolysis in Myocardial Infarction (TIMI) grade. Death from any cause during admission was considered in-hospital mortality.

3. Statistical analysis
-----------------------

All the statistical processes were done using R version 3.4.1. Continuous variables are described as means±standard deviations. Discrete variables are described as counts and percentages. The authors divided the population into two groups using random sampling. To avoid different sampling whenever we performed these seperations, the authors used the function 'set.seed', n=nrow(yhy) 'trainIndex=sample(1:n, size=round (0.6^\*^n),replace=FALSE)' in R program. To analyze predictive factors for in-hospital mortality, univariate and multivariate analyses (a combination of hierarchical and stepwise methods), and logistic regressions were done. A Receiver Operating Curve was used to validate the mortality predicting power of factors. All variables were considered significant at the level of p\<0.05.

RESULTS
=======

1. Baseline clinical characteristics
------------------------------------

A total of 13,104 patients with AMI were included in this study. During hospitalization, all-cause death occurred in 552 patients (4.2%). The mean age of the patients was 64.0±12.6 years and male patients were 74% (9,686). Mean body weight was 65.3±12 kg. The systolic and diastolic blood pressures were 130.4±30.3 mm/Hg and 78.7±18.5mm/Hg respectively, and the heart rate was 78.7±19.3 beats/minute. Most of the patients (86%) complained of typical chest pain. Killip class was classified as I (77.9%), II (9%), III (7.4%) and IV (5.6%). Risk factors were current smoking (38%), hypertension (51%), diabetes mellitus (29%), and dyslipidemia (11%). Previously diagnosed myocardial infarction was 7.6%, and 6.4% had a family history of coronary artery disease ([Table 1](#T1){ref-type="table"}).

2. Laboratory and echocardiographic findings
--------------------------------------------

Laboratory findings showed serum hemoglobin of 13.75± 2.15 g/dl, serum glucose of 171.0±84.0 mg/dl, total cholesterol of 177.8±46.2 mg/dl, triglycerides of 135±129 mg/dl, high density lipoprotein-cholesterol of 42.8±12.5 mg/dl, low density lipoprotein cholesterol of 111.9±40.4 mg/dl, high sensitivity C-reactive protein of 1.51±5.67 mg/dl, creatine kinase of 1.13±1.17 U/L, and a creatine kinase-myocardial band isoenzyme of 110±176 ng/dl ([Table 1](#T1){ref-type="table"}). Echocardiographic findings showed a left ventricular ejection fraction (LVEF) of 51.91±10.97%. The percentage of patients with LVEF under 40% was 12.3% (n=964).

3. Coronary angiographic findings and procedural characteristics
----------------------------------------------------------------

The number of left main coronary arterial lesions was 574 (4.4%), left anterior descending coronary arterial lesions was 9,574 (73%), left circumflex coronary arterial lesions was 5,202 (40%), and right coronary arterial lesions was 7,635 (58%). About 44% (3,484) of the patients had multivessel disease. The American College of Cardiology/American Heart Association\'s classification of coronary artery lesions was 101 (0.013%) for type A and 7,761 (98.7%) for non-type A. TIMI flow before PCI was as follows: 3,311 (50%) for TIMI 0, 744 (10%) for TIMI I, 1,123 (20%) for TIMI II, and 1,865 (30%) for TIMI III. TIMI flow after PCI was as follows: 28 (0.4%) for TIMI 0, 33 (0.4%) for TIMI I, 201 (2.5%) for TIMI II, and 6,781 (86.3%) for TIMI III ([Table 2](#T2){ref-type="table"}).

4. Medications during hospitalization
-------------------------------------

Treatment medications taken after AMI were aspirin (99.4%), clopidogrel (78%), prasugrel (11.8%), ticagrelor (31%), beta-blocker (80%), calcium channel blocker (8%), angiotensin converting enzyme inhibitor (46%), angiotensin II receptor blocker (31%), and statins (90%) ([Table 3](#T3){ref-type="table"}).

5. Univariate and multivariate analyses for predictors of in-hospital mortality
-------------------------------------------------------------------------------

Hierarchical and stepwise methods (backward elimination) were applied. The univariate and multivariate analysis showed that the following were important risk factors for predicting in-hospital mortality ([Table 4](#T4){ref-type="table"}): 1) being older than 65 (HR 2.4715 95% CI 1.8686--3.2690, p\<0.001), 2) high Killip class (HR 4.4534 85% CI 3.3854--5.8585, p\<0.001), 3) admission hyperglycemia≥180 mg/dl (HR 2.4386 95% CI 1.9039--3.1235, p\<0.001), 4) tachycardia (heart rate\>100/min) (HR 1.9999 95% CI 1.5307--2.6129), 5) renal dysfunction (creatinine\>1.5 mg/dl) (HR 2.2417 95% CI 1.7248--2.9135, p\<0.001), 6) atypical chest pain (HR 1.6732 95% CI 1.2839--2.1807, p\<0.01), 7) low systolic blood pressure (\<90 mmHg) (HR 2.4392 95% CI 1.7603--3.3798, p\<0.001), 8) coronary angiographic TIMI blood flow before percutaneous coronary intervention (PCI) (HR 2.4104 95% CI 1.6828--3.4526, p\<0.01) and 9) after PCI (p\<0.001) (HR 4.2682 95% CI 2.7947--6.5186, p\<0.001) ([Table 5](#T5){ref-type="table"}).

Application of this model to the validation cohort showed a predictive power of 88.3% in the prediction of in-hospital mortality in patients with AMI ([Fig. 1](#F1){ref-type="fig"}).

DISCUSSION
==========

The aim of this study was to create a model for the prediction of in-hospital mortality of Korean patients with AMI. Nine factors were evaluated for this purpose: old age, high Killip class, hyperglycemia, tachycardia, renal dysfunction, atypical chest pain, low systolic blood pressure, and low TIMI flow before and after PCI. The predictive value of these factors on mortality was 88.3%.

Cardiovascular disease is the second most common cause of death in Korea and the cause-specific death rate in the 100 thousands which gradually has increased over 10 years, from 41.1 to 58.2 during the period 2006--2016.[@B1] The early (30-day) mortality rate due to AMI decreased from 10.5% in 1999 to 7.8% in 2008.[@B9] The KAMIR-NIH registry dataset provides an adequate sample size for evaluation. This study divided it into two groups randomly to determine predictive factors and validate its usefulness.

Elderly patients with ischemic heart disease had more complicated coronary lesions and a higher proportion of unstable angina, worse LV function, and more comorbidity; as a result, more complications occurred after reperfusion therapy such as PCI or CABG.[@B10][@B11] The authors defined old age as being over 65 years and assessed this as a risk. Old age was a significant and powerful predictive factor of in-hospital mortality.

The Killip classification is a prognostic factor derived from blood pressure and auscultation, and its relationship to in-hospital mortality is reported.[@B12] Killip class is a very powerful predictive factor of in-hospital mortality in this study, similar to the findings reported elsewhere.[@B5]

Hyperglycemia at admission is associated with myocardial necrosis and in-hospital mortality in patients with or without diabetes.[@B13][@B14] Higher mortality was observed in non-diabetic patients with hyperglycemia compared to diabetic patients in Korea.[@B15]

Heart rate was obtained during admission initial vital signs and, is a component of risk scoring systems for AMI and associated with 30-day in-hospital mortality.[@B16] Tachycardia increases myocardial oxygen demand and aggravates myocardial ischemia.

The cardiovascular disease risk is high in patients with chronic kidney disease (CKD), and it is the most common cause of death in end-stage renal disease (ESRD).[@B17][@B18] The fatal or non-fatal MI incidence and mortality of MI increased as stages of CKD increased. A level of serum creatinine higher than 1.5 mg/dl is an important risk factor in in-hospital mortality.

Unrecognized AMI or AMI without chest pain is more frequently observed in patients with diabetes and hypertension,[@B19] but little data exists about the symptoms of AMI and in-hospital outcomes. A recent study shows that atypical symptoms of AMI reduced invasive treatment and induced poor outcomes.[@B20] Early detection and active treatment of this patient group is, therefore, an important goal. Atypical or asymptomatic patients with AMI are at high risk for in-hospital mortality.

TIMI flow before and after PCI is also an important factor. To the best of our knowledge, no previous studies have described whether pre-PCI TIMI flow is an independent prognostic factor. This study suggests that pre-PCI TIMI flow, considered separately from post-PCI TIMI flow, is also an important prognostic factor.

The TIMI risk score was developed in 2000 for acute coronary syndrome, and the global registry of acute coronary event (GRACE) risk model was developed in 2006.[@B3][@B4][@B5] Korean patients show different features compared with patients from Western countries including risk factors, dyslipidemia profiles, and response to medical treatment.[@B6] In this context the KAMIR hospital discharge score (KAMIR score) for Korean patients was developed in 2011 and compared with the GRACE risk scoring system. The KAMIR score consisted of six independent risk factors for one-year major adverse cardiac events and showed a better predictive power and was easier to calculate than the GRACE score. The KAMIR score included age, Killip class, serum creatinine, in-hospital PCI, left ventricular ejection fraction, and admission glucose. It showed that renal function and in-hospital PCI were important prognostic factors for Korean patients. However, treatment trends have changed and are ever-evolving. Most patients in Korea now have in-hospital PCI due to geographic accessibility to a PCI center and access to national health insurance. Therefore, TIMI flow before and after PCI may be a meaningful prognostic factor for Korean patients.

A three year clinical follow-up of the KAMIR-NIH registry will be completed in 2019. This registry may provide valuable information about important long-term prognostic factors in recent Korean patients with myocardial infarction. A new KAMIR-NIH score predicting the in-hospital and long-term mortality will thus be available in the future.

In conclusion, this study analyzed 13,104 AMI patients enrolled in the KAMIR-NIH registry and divided the patients into two groups to evaluate risk factors associated with in-hospital mortality and validated its predictive power. Through hierarchical and stepwise multivariate analyses, it showed that old age, high Killip class, hyperglycemia, tachycardia, renal dysfunction, atypical chest pain, low systolic blood pressure, and coronary angiographic TIMI flow before and after PCI are important risk factors predicting in-hospital mortality in Korean patients with AMI.

Most of these factors are included in the existing scoring systems, such as the GRACE score and TIMI score. However, coronary angiographic TIMI flow before and after PCI are also important risk factors predicting in-hospital mortality in Korean patients with AMI. Therefore, a new scoring system for Korean AMI patients which includes the coronary angiographic TIMI flow before and after PCI should be considered.

1. Study limitations
--------------------

First, in-hospital mortality for Korean patients with AMI could be an underestimation. The hospitals participating in the KAMIR-NIH registry are leading hospitals of Korea where early invasive strategies are more widely applied than at other locations, so a selection bias could be argued. More nationwide registry data could decrease this problem. Second, despite their strong predictive power, the degree of contribution of these risk factors to death was not considered in this model, so a new risk scoring system needs to be developed. Furthermore, validation with other AMI cohorts will be necessary.

The authors thank all of the clinical investigators who contributed time and effort to this study, as well as the Korea Acute Myocardial Infarction (KAMIR-NIH) Investigators.

**CONFLICT OF INTEREST STATEMENT:** None declared.

![The receiver operating characteristic (ROC) curve using the predictive model. It shows area under curve of 0.87. AUC: area under the curve.](cmj-55-40-g001){#F1}

###### Baseline clinical characteristics and laboratory findings
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Values are presented as mean±SD or number (percentage). BP: blood pressure, CAD: coronary artery disease, MI: myocardial infarction, HDL: high-density lipoprotein, LDL: low-density lipoprotein, CRP: C-reactive protein, CK-MB: creatine kinase-myocardial band isoenzyme.

###### Echocardiographic and coronary angiographic findings

![](cmj-55-40-i002)

Values are presented as mean±SD or number (percentage). LVEF: left ventricular ejection fraction, LAD: Left anterior descending coronary artery, LCX: Left circumflex coronary artery, RCA: Right coronary artery, ACC/AHA: American College of Cardiology/American Heart Association.

###### Medications during hospitalizations
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Values are presented as number (percentage). ACE: angiotensin-converting enzyme.

###### Univariate analysis for predictors of in-hospital mortality
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BP: blood pressure, CAD: coronary artery disease, HDL: high-density lipoprotein, LDL: low-density lipoprotein, CRP: C-reactive protein, CK-MB: creatine kinase-myocardial band isoenzyme, ACC/AHA: American College of Cardiology/American Heart Association.

###### Multivariate analysis for predictors of in-hospital mortality
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BP: blood pressure, pre-PCI TIMI: TIMI blood flow before PCI, post-PCI TIMI: TIMI blood flow after PCI.
